T he development of oral-motor skills progresses from involuntary oral· motor reflexes during the early months of life, which ensure the ingestion of liqUids (roOting, suck-swallow, phasic bite), to voluntary skills that enable the child to eat and drink. Although the tongue and the jaw form a functional unit during early infancy (Bosma, 1963; Ardran and Kemp, 1970) , the voluntary stabilization of the jaw is necessary so that the infant can keep his or her mouth open during spoon-feeding, maintain the jaw in a holding position for biting, or hold it slightly open for drinking.
The increasing ability of the tongue as it is evident in the changes from sucking to the more discrete movements observed during eating, has been described by several authors. Sleight and Niman (1984) note that the movement of food from the midline to either side is occurring concomitantly with the introduction of semisolid foods (i.e., mashed fruits and vegetables) at approximately 8 months of age. Morris (1982) designates 6 months as the earliest period at which infants move their tongue to the side in response to lateral placement of food. Midline-to-side and side-to-midline movements are achieved at 7 to 9 months, and full side-to-side movements are accomplished by 19 to 24 months. Preliminary data by myself and my co-workers (Gisel, Schwaab, LangeStemmler, Niman, & Schwartz, 1986) indicate that moving a small piece of food (raisin) with precision from side to side is difficult and is seen in only 7% of 2-year-old children. Even at 5 years of age only 15% of the children tested were able to perform this task skillfully. However, most children of this age used other strategies, such as using their tongue to move the food slowly or in a rolling manner or using their fingers to move the food.
My co-workers and I (Gisel et al., 1986) have demonstrated that children have a preferred side for plaCing food in the mouth and that in very young children this preference may be texture dependent. Thus, a solid food was placed predominantly on the right side by 2-and 3-year-olds, whereas a viscous food was placed equally to the left and right by 2-year-olds, but most often placed to the left by 3-yearolds and older children. The present study will address oral food placement in children 5 to 8 years of age.
While initial food placement may reflect a preference of the individual to initiate cheWing on that side, such preferences might be utilized therapeutically with eating-impaired individuals, in other words, placement of food on the preferred side might facilitate cheWing. Because oral preference may not always be established unequivocally, the question was raised whether a lateralized function such as hand preference might correlate with oral preference. Hand pref-erence was chosen because it can be established reasonably well and because the dominant hand is used most often during eating. Four possibilities of hand and oral preference must be considered: (a) right hand to left oral side entailing the crossing of the body midline as the food is moved, (b) left hand to right oral side entailing the crossing of the body midline as the food is moved, (c) the ipsilateral placement of food with the right hand to the right oral side, and (d) the ipsilateral placement of food with the left hand to the left oral side. If hand preference correlates significantly in a systematic manner with oral preference, then hand preference might be used as an indicator of oral preference.
The present study builds on my and my coworkers' earlier work with 2-to 4-year-old children (Gisel et aI., 1986) and is extending the normative data on oral preference and tongue lateralization to children from 5 to 8 years of age. Oral and hand preferences were correlated to determine whether these functions were related.
Materials and Methods

Sample
A total of 103 children were studied. Twenty were 5 years ± 2.8 months old (12 boys, 8 girls), 36 were 6 years ± 2.5 months old (16 boys, 20 girls), 26 were 7 years ± 2.2 months old (13 boys, 13 girls) and 21 were 8 years ± 2.7 months old (11 boys, 10 girls). These children were also part of a study on tongue movement (Gisel, 1988b , see pp. 384-389 of this issue), chewing development (Gisel, 1988a) and oral stereognosis (Gisel & Schwob, in press-a, in press-b) . Subject selection criteria were the same as reported earlier (Schwartz, Niman, & Gisel, 1984b) . All children spoke French, and they were tested in two primary schools in Montreal, Quebec. Written institutional and parental consent was obtained for each child prior to inclusion, and the verbal consent of each child was obtained on the day of study.
Procedures
Two tongue movements were observed during eating. The first one was the movement the tongue made to move food after a bite of graham cracker was taken or when a raisin (Raisin 1) was placed behind the lower incisors. The follOWing movements were recorded: to right side; to left side; behind the incisors; to both sides. The second one was the movement the tongue made to move the food from one side of the mouth to the other upon command. The raisin was placed in random order either on the right or the left molars (Raisin 2, lateralization). The investigator instructed the child by saying, "Move the raisin to the other side, after that you may chew and swallow it." The followTbe American journal 0/ Occupational Tberapy ing categories of behavior were recorded: Smooth movement from side to side; slow movement from side to side; rolling of food from side to side over the anterior one third of the tongue; tilting the head; using fingers, and any other behaviors that were not described by the foregoing categories. Ten raisins were used with each child. To establish hand preference, children picked up a ballpoint pen placed in the midline and wrote their name on the examiner's test sheet. The hand used spontaneously for writing was identified as the preferred hand.
Eating observations took place in a quiet, well-lit classroom between 9 AM and 11 :30 AM. While the investigator and child sat facing each other, the investigator offered 10 bites of graham cracker (broken into quarter sections) and 20 raisins (10 for Raisin 1, 10 for lateralization) to the child in random order. Each child was observed once for 15 to 20 minutes.
Data Analysis
On the basis of the 10 trials with raisins and graham crackers, right and left food placement was determined for each child, and a ratio was computed. Percent distributions were calculated for sex, age group, and food texture. Similarly, percent distributions were computed for tongue lateralization of food, by age and sex. All data were subjected to a x 2 analysis with the CAT MOD procedure in SAS (SAS Institute Inc., 1985) , which transforms the data into a linear model. The effects of age, sex, and texture were tested. Since data are now available on oral preference and tongue lateralization of children 2 to 8 years of age, a x 2 test was used to determine the comparability of data between the 5-year-old children tested by Schwartz (1982) and those of the present study. Comparability of data between 4-year-old children in the study done by me and my co-workers (Gisel et aI., 1986) and in the study done by Schwartz (1982) has already been demonstrated. A correlational analysis was performed to test for a possible association between hand preference and oral side preference. Intrarater reliability was tested between the first and second halves of the test administered by the same investigator. Interrater reliability was determined between twO independent investigators in the present study and between an independent investigator in the present and one in an earlier study (Schwartz, 1982 ). An alpha level of .05 was regarded as significant.
Results
The follOWing research questions were addressed:
1. Do children 5 to 8 years old have a preferred side for the initial placement of food in the mouth, and could the placement be dependent on sex or food texture? al., 1986) . Therefore, a developmental curve of initial 3. How is food moved from one side of the food placement for children 2 to 8 years old was esmouth to the other in children 5 to 8 years of tablished (see Table 2 ). These data were normalized age, and are there sex and age differences?
on the basis of 100%. It was found that for raisins, the 4. Are the data on food lateralization by Schwartz slight left-side preference existed from 2 to 8 years (1982) comparable to those of the present whereas for graham cracker, a significant right side study with regard to 5-year-old children;! preference existed at 2 and 3 years, which shifted to the left side at 4 years, and remained so to at least 8 In answer to these questions developmental years of age. curves on oral preference and food lateralization in children 2 to 8 years old were generated.
Food Lateralization
Most 5-year-old children moved a small piece of food Preferred Oral Side for Food Placement (raisin) slowly and then used a rolling motion (see Children 5 to 8 years old showed a left side over right Table 5 ). Few children manipulated the raisin side preference when first moving food to initiate smoothly and accurately. The quick and smooth mochewing (see Table 1 ). There was no significant age tion was seen more frequently among 8-year-olds. effect for the placement of food; the left side preferSome children tilted their heads when moving the ence persisted from 5 to 8 years. Few children reraisin, although care was taken not to cue them vitained food behind the incisors, and some moved it sually to do so. While tilting the head, these children equally to both sides. There were no sex differences also moved the raisin smoothly and accurately. Therebetween the various placements, nor was there an fore, their score was counted under smoothly only. effect of texture on placement in 5-to 8-year-olds (see The age effect was significant. No sex differences Table 2 ). However, a significant effect for the solid were found in the lateralization of food_ A comparison texture in 2-to 4-year-olds was shown earlier (Gisel et between the 5-year-old children tested by Schwartz al.,1986) .
(1982) and the 5-year-olds in this study showed that The question was raised whether data of 5-yearthey differed in the categories of rolling, other, and olds were comparable between this study and the one puckering, but not in the main categories of smooth by Schwartz (1982) . Tables 3 and 4 illustrate that the and slow movement (see Table 4 ). Note that the two two investigators did not differ in their measureinvestigators agreed on approximately 70% of all re- sponses; however, because of differences in some categories, these data must still be regarded as preliminary. To give an indication of some general features of development, the curve for children 2 to 8 years of age is presented in Table 6 . The smooth motion progressed from 7% at 2 years to 27.4% at 8 years. The slow movement also progressed from 20.4% to 48.6% in the same time span. The rolling movement appeared to fluctuate from year to year, but varied from a low of 18% to a high of 53%. One third of the 2-yearold children did not move the raisin at all; but from 3 years on, all children were able to perform this task. Using fingers and other strategies to assist the movement was characteristic of the younger children 0-year-olds), but was no longer seen after 4 years of age. The last question addressed whether hand preference was correlated with oral preference. Table 7 shows that 5-to 8-year-old children as a group demon- Table 5 strated left oral preference and right hand preference. The correlations for these associations were not significant. Similarly, when children were separated by age or sex, none of the correlations were significant.
The folloWing distribution of oral and hand preference was observed: left-right preference, whether it was left hand-right oral placement or right handleft oral placement was 57%; left-left preference was 13%, and right-right preference was 30%
Observer Reliability
Intra-and interrater reliability was computed as in previous studies (Gisel et aI., 1986) . A total of 21 children for each test (intra-and interrater) were compared in this manner. Lateralization did not differ (x 2 = 1.57, df= 3, P = .666), but initial food placement administered by the same tester differed (X 2 = 10.27, df = 3, P = .02) when the first and second halves of the trials were compared. The difference in placement stemmed from a difference in placing the raisin more often behind the incisors during the second half rather than the first half of the trials. None of the other 3 categories differed. When the first and second halves were administered by two independent investigators, no differences were found for lateralization (X 2 = 7.36, df= 3, P = .061) or for initial placement of the food (X 2 = 0.01, df= 3, p = .999).
Discussion
By 4 years of age, preference for left oral placement (60%) was demonstrated for viscous and solid food; it persisted to at least the age of 8 years. Overall, neither food texture (viscous or solid) nor the child's sex contributed to these findings A similar distribution (60%/40%, left/right) was described earlier for children with Down's syndrome (Gisel et aI., 1986) . However, in the latter a significant right preference was observed in girls and a left preference in boys. These sex differences were attributed to characteristics of the sample and may not be representative of all children with Down's syndrome.
Right-over left-hand preference was found in a ratio of 95% to 5% in 5-year-olds, 75% to 25% in 6- The American journal of Occupational Therapy year-aIds, 73% to 27% in 7-year-olds, and 90% to 10% in 8-year-olds An extensive literature exists on the development of lateralized functions (Harnad, Doty, Goldstein, Jaynes, & Krauthamer, 1977; Kinsbourne, 1978; Springer & Deutsch, 1984) . To a large extent, researchers have been concerned with the lateralization of language, but some researchers have dealt with the development of hand preference. Harnad et al. (1977) suggested that if left hand preference is allowed to express itself in a population, it occurs at a rate of 10% to 12%. Our 8-year-old group comes closest to the suggested figures. Springer and Deutsch (1984) discussed that right hand superiority can be seen right from birth, but that the task required to demonstrate it must be congruent with a child's developmental skills. The fluctuations in the 5-, 6-and 7·year·old group may be a characteristic of the sample or may reflect the fact that the preferred hand use is not yet firmly established in younger children for whom writing is a newly learned skill. Preferred hand use may also be dependent on the task required. Kinsbourne (1978) showed that an individual may prefer to use the right hand for a task requiring precise motor control, such as writing, but may use the left hand for other less demanding tasks. Because hand use may be task dependent, another way to elicit hand preference under our experimental conditions would have been to allow children to feed themselves by eating a few spoonfuls of applesauce.
Oral preference seems to be established by 4 years of age, whereas consistent hand preference may not be established until 8 years of age. These two functions were not correlated, which may be due to their different developmental time courses. If this argument holds, then correlations should be higher at 8 than at 5 years of age, which was indeed the case (see Table 7 ). However, our initial expectation that preferred hand use might be used as an index of oral preference was not confirmed.
Attention has recently focused on children's skills in lateralizing nutrients in the mouth in order to chew a bite of food (Sleight and Niman, 1984) . While Morris (1982) suggested that tongue lateralization progresses from gross motions to those of greater precision and variation, the present work attempts to define these motions in more operational terms. Twenty-seven percent of 8-year-old children can lateralize a raisin smoothly and precisely, half still move it slowly, and the rest use a rolling motion. Whether these data are truly representative of this age group awaits confirmation through replication and further study. Morris emphasizes that the sensory quality such as the size, texture, temperature, and acidity of the bite of food taken may strongly influence the motor response which is elicited. The author urges that the sensory input be more carefully studied to gain a better understanding of possible cause-effect relationships. Such information will be extremely important to clinicians who attempt to optimize function in the child with an eating impairment because manipulation of nutrients by the feeder can be easily achieved. However, caution is advised because different responses may be characteristic of the age of a child. This point is being raised because different textures elicited different initial placements in 2-and 3-yearold children (see Table 2 ) but elicited the same response after 4 years of age. These observations suggest that although variability is a highlight of normal development, once an optimal response is achieved (i.e, left placement), it may be used preferentially to any other response.
Investigators of the present study agreed we 11 in their scoring of both side preference and lateralization. Similarly, children appeared to respond consistently over 10 trials so that the first and second halves of the tests were comparable when administered by the same investigator. Not much importance is attributed to the significant difference observed when a raisin was placed behind the incisors because this category was observed only 4% of the time. The leftright placement constituted 93% of all responses and did not differ. Oral preference data of an earlier study (Schwanz, 1982) did not differ from the data of the present study. However, differences were observed between the two studies in two categories of the lateralization response. This may be attributed to differences in the interpretation of these categories. Sixteen percent of 5-year-old children in the study by Schwartz were identified as puckering when lateralizing food. This category was not considered appropriate as a lateralization response by the present investigators because it was felt that puckering should be used exclusively as a swallOWing response. I have clarified these differences in discussion with Schwartz (personal communication, May, 1986) , and lateralization categories will be used more uniformly in the future.
Summary
Normal children, 2 to 8 years old, prefer to place a viscous food to the left side to initiate cheWing. Solid food is placed to the right at 2 years, but from 3 years on is also placed to the left These oral side preferences were not correlated with preferred hand use. Moving a small morsel of food skillfully from one side of the mouth to the other evolves through three main stages from rolling of the food, to slow, and then swift and smooth placement Although the data on food lateralization must still be regarded as preliminary, they may serve as a starting point to the further study of this complex and important oral skill.
